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Abstract: We quantified nesting behavior of Palila (Loxioides bailleui), an en-
dangered Hawaiian honeycreeper, by recording at nests during three breeding
seasons using a black-and-white video camera connected to a videocassette re-
corder. A total of seven nests was observed. We measured the following factors
for daylight hours: percentage of time the female was on the nest (attendance),
length of attendance bouts by the female, length of nest recesses, and adult
provisioning rates. Comparisons were made between three stages of the 40-day
nesting cycle: incubation (day I-day 16), early nestling stage (day 17-day 30
[i.e., nestlings:::;; 14 days old]), and late nestling stage (day 31-day 40 [i.e., nest-
lings> 14 days old]). Of seven nests observed, four fledged at least one nestling
and three failed. One of these failed nests was filmed being depredated by a feral
cat (Felis catus). Female nest attendance was near 82% during the incubation
stage and decreased to 21 % as nestlings aged. We did not detect a difference in
attendance bout length between stages of the nesting cycle. Mean length of nest
recesses increased from 4.5 min during the incubation stage to over 45 min
during the late nestling stage. Mean number of nest recesses per hour ranged
from 1.6 to 2.0. Food was delivered to nestlings by adults an average of 1.8 times
per hour for the early nestling stage and 1.5 times per hour during the late
nestling stage and did not change over time. Characterization of parental be-
havior by video had similarities to but also key differences from findings taken
from blind observations. Results from this study will facilitate greater under-
standing of Palila reproductive strategies.
VIDEO SURVEILLANCE OF nests is a relatively
common technique used to identify nest
predators (Thompson et al. 1999, Farnsworth
and Simons 2000, Pietz and Granfors 2000),
and several studies of birds have utilized video
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cameras to quantify parental behavior (Cartar
and Montgomerie 1987, Challet et al. 1994,
Proudfoot and Beasom 1997, Delaney et al.
1999). Use of video recordings to observe
behavior at nests allows researchers to collect
time budget data similar to blind observa-
tions, but more thoroughly due to the ability
to stop, slow, and repeat events filmed. In
addition, the movement of young chicks in
the nest can be recorded with video, but usu-
ally not observed from a blind. Interference
by observers is reduced because the nest
does not need to be approached during data
collection. The main objective of this study
was to determine patterns of adult nesting
behavior in the endangered Palila (Loxioides
bailleui). Characterization of Palila nesting
behavior at nests through the use of video
recordings may help identify situations that
can be solved with management, including
intervening at nests with high potential to fail.
The Palila is an endangered Hawaiian
honeycreeper that currently resides in <30
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km2 of subalpine dry forest on Mauna Kea,
Hawai'i Island (Banko et al. 2002). Popula-
tion estimates during the past 20 yr ranged
from 1500 birds in 1985 to 6400 birds in 1981
(Scott et al. 1984, Banko et al. 1998). The
most recent population estimate was 4800
individuals (Gray et al. 1999). Several studies
of Palila nesting behavior were conducted
from blinds (van Riper 1978, 1980, Pletschet
and Kelly 1990; Pacific Island Ecosystems
Research Center, unpubl. data) from which
basic biological information was collected.
Palila are monogamous breeders, although
some breeding pairs had secondary male
helpers attending the nest during both the
incubation and nestling stages (Pratt et al.
1997, Miller 1998). Palila build a cup nest
usually in mamane (Sophora chrysophylla) trees,
but sometimes in naio (Myoporum sandwicense)
trees. Only females incubate and brood nest-
lings, and males feed the female at the nest
and feed nestlings and fledglings (Pratt et al.
1997). A median of two eggs was laid per
clutch (range, 1-3 eggs), and the nest cycle
lasted a mean of 42 days from the initiation
of incubation to fledging (Pletschet and Kelly
1990). The incubation stage averaged 16.6
days long, and the nestling stage averaged
25.3 days (Pletschet and Kelly 1990, Pratt
et al. 1997).
MATERIALS AND METHODS
Study Area
We conducted this study during the breed-
ing seasons (March through October) of
1991, 1993, and 1994. Nests were located by
searching along transects within two estab-
lished study grids on the western slope of
Mauna Kea, Hawai'i (19° 50' N, 155° 34' W).
The dominant vegetation at the upper ele-
vations (above 2300 m) of the site was
open-canopy mamane-dominant forest with a
mainly grass understory, which graded into
mamane-naio mixed forest at elevations be-
low 2300 m. All of the nests in this study
were located in the mamane-dominant forest.
Mean daytime temperature was 11°C, with
nighttime temperatures sometimes several
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degrees below o°c. The climate was dry, with
mean annual rainfall ranging between 35 and
75 cm (Juvik et al. 1993).
Data Collection
A black and white video camera with an
external infrared illuminator connected to an
8-mm video recorder set at lO-sec intervals
was introduced to each nest over 1-2 days.
The camera was placed under the nest tree
during a natural nest recess and was moved
approximately 1 m closer to the nest during
each successive recess. Adult behavior was
observed from a blind to assess if the camera
was affecting behavior. If an adult appeared
agitated or behaved unusually, the camera
was moved to a greater distance from the nest
and further attempts to introduce the camera
were postponed until the next day. Additional
attempts to move the camera toward the nest
were done in smaller increments. In its final
position, the 5 by 7 by 13 cm camera was
approximately 30 cm from the nest cup. At a
minimum the entire nest was in the camera's
view, with up to a 6-cm area surrounding the
nest also included in the view, depending on
the density of the vegetation surrounding the
nest. The power source and video recorder
were approximately 30 m from the nest tree.
Nests were recorded day and night until the
nestlings fledged or the nest failed. All videos
contained a time/date stamp and nest identi-
fication. Each nest was visited approximately
once every 3 days for regular nest checks and
to change the videotape.
Sampling Method
Videos were watched on a monitor using a
multispeed video player. The identity or gen-
der of the focal bird was often not determined
because color leg bands and plumage differ-
ences were not identifiable due to black-and-
white film, camera angle, or image quality. An
adult bird sitting on the nest was presumed to
be the female because males of this species do
not incubate (Pletschet and Kelly 1990, Pratt
et al. 1997). Three adult behaviors were de-
fined as follows: (1) attentive, female incubat-
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ing eggs or brooding nestlings; (2) recess, fe-
male not on the nest; (3) visit, adult on or di-
rectly proximal to the rim of the nest. Because
Palila feed young by regurgitation, visits were
classified as feedings when an adult bill
reached toward a nestling bill. It was not
possible to identify food items or quantity of
food delivered.
Data Analysis
All data were analyzed with females and males
grouped into one category. We compared the
percentage of time spent in attentive behav-
ior, length of attentive bouts, the frequency
of nest recesses, length of nest recesses,
and provisioning rates during incubation and
chick rearing using Kruskal-Wallis tests. For
all tests we divided the nestling period into
two stages: early (::=; 14-day-old chicks) and
late (> 14-day-old chicks). The Laysan Finch
(Telespiza cantans), Palila's most closely re-
lated living relative (James and Olson 1991),
has a nestling period of similar length, and
growth rate is highest at day 14 (Morin 1991,
1992). In addition, Palila chicks are well
feathered and begin to thermoregulate about
that time (van Riper 1978).
RESULTS
We observed seven nests by video over 3 yr:
two nests were observed only during the in-
cubation stage, two only during the nestling
stage, and three during both stages. We col-
lected 742 hr of data during the incubation
stage and 1335 hr during the nestling stage.
A mean of 13.8 complete days (range, 3-25
days) was recorded at each nest during the
nesting period. No helpers were identified at
any of the nests in this study through obser-
vation from blinds, mist netting at nests, or
video observation. Each of the two nests ob-
served during only the incubation stage had
two eggs, of which only one egg hatched.
Depredation
A feral cat (Felis catus) depredated one nest on
day 2 of the nestling stage, 11 July 1991. The
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event occurred during the day at 1423 hours
Hawaiian Standard Time. The female left the
nest, and within 3 min the cat was at the nest,
with its head in the nest cup. The cat stayed
at the nest for 1 min, 10 sec and then left.
Camera angle and the size of the cat's head in
relation to the nest cup prevented viewing the
method of kill and consumption. The female
"brooded" six times after the event, including
staying on the nest overnight. The adults
continued visiting the nest until 0640 hours
the next day (12 July 1991). The cat evidently
left little sign of its presence because discov-
ery of the failure on a routine nest check im-
plicated desertion due to a storm as the cause,
and no disturbance of the nest was recorded.
Visitation Rates
No difference in the mean number of visits
per hour by adults was detected between
the early and late nestling stages (X 2 = 0.33,
df = 1, P = 0.564). On average, adults visited
the nest fewer than two times per hour, re-
gardless of nestling age.
Nest Attendance and Recesses
Attendance varied among the stages of the
nesting cycle (X 2 = 8.68, df = 2, P = 0.013,
Table 1). Percentage time spent on the nest
was relatively constant through the incu-
bation stage and then gradually decreased as
nestlings aged (Figure 1). However, we failed
to detect a difference in the mean length
of attendance bouts (X2 = 5.67, df = 2,
P = 0.059, Figure 2), although the average
length decreased by 12.5 min from the incu-
bation stage to the late nestling stage (Table
1). In contrast, mean recess length was sig-
nificantly different between the three stages
of the nesting cycle (X2 = 7.59, df = 2,
P = 0.023, Figure 2). Mean recess length
remained constant through the incubation
stage, then gradually increased and became
more variable through the late nestling stage.
No detectable difference was found in the
mean number of nest recesses per hour dur-
ing the incubation stage and nestling stages
(X2 = 1.55, df = 2, P = 0.460).
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Averages (SE) for Palila Parental Attendance and Behavior at Seven Nests on Mauna Kea, Hawai'i, as Assessed by
Video Recordings (Comparison of Means Was Made Using Kruskal-Wallis Tests)
Stage of Nest
Parameter
Attendance (% daylight hours)
Attendance bout length (min)
Recess length (min)
Recess frequency (per hour)
Adult visits (per hour)
Incubation Stage
(n = 5)
82.3 (3.6)
27.1 (1.2)
6.8 (1.2)
2.0 (0.1)
Early Nestling Stage
(n = 5)
63.2 (11.4)
20.7 (6.0)
12.0 (4.4)
2.1 (0.2)
1.8 (0.3)
Late Nestling Stage
(n = 4)
20.8 (11.8)
14.6 (1.8)
48.5 (12.4)
1.6 (0.1)
1.6 (0.5)
PValue
0.013
0.059
0.023
0.460
0.564
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FIGURE 1. Mean percentage (SE) of daylight hours female Palila spent on the nest during the nesting cycle as observed
from video recording at nests.
DISCUSSION
Visitation Rates
In our study, the mean number of adult
feeding visits did not change as nestling age
increased, but Pletschet and Kelly (1990)
found that rates of feeding decreased later
in the nestling stage. The rate of feeding we
observed throughout the nestling period was
similar to the lower rate they reported for the
late nestling stage. Differences in sampling
method could explain these contrasting re-
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FIGURE 2. Mean (SE) length in minutes of attendance bouts (solid triangles) and nest recesses (solid squares) offemale
Palila as observed from video surveillance at nests.
suIts: they observed nests for 1-2 hr every
other day from a blind placed ~ 10 m from
the nest, whereas our observation was nearly
continuous. In addition, they could have
classified parental visits where no chick feed-
ing occurred as feeding events, thereby in-
flating estimates of feeding rates. On multiple
occasions in our study, females returning
from recesses looked into the nest but did not
feed nestlings before beginning to brood.
The heads of young nestlings are not always
visible over the rim of the nest, which makes
it difficult to determine whether or not food
was transferred. Initial comparison of field
notes and real-time video observation of Pal-
ila nests for breeding season 1999 revealed
that observers in blinds overestimated rates
because views of the nest were obstructed or
because the parents visited the nest very
briefly without feeding nestlings (Pacific
Island Ecosystems Research Center, unpub!.
data). Another possible reason our findings
differ could be attributed to us missing feed-
ing events that began and ended within the
lO-sec gap in filming, although this is unlikely
because most feeding events were >20 sec.
Other studies of parental care in birds
showed increased rates offeeding or increased
food load by parents until just before fledging
(e.g., Bedard and Meunier 1983). Growth
rate of Palila nestlings is slower than that
of other passerines of similar mass, which is
probably due to the low rate of provisioning
(van Riper 1980). Species with low predation
risk grow more slowly and have longer peri-
ods of parental care while still in the nest
(Ricklefs 1976). The long nesting cycle of
Palila may be a result of the lack of mamma-
lian and reptilian predators in their evolution
and also of the Palila's relatively specialized
diet (van Riper 1978). Compared with other
honeycreepers, the Palila's nesting cycle is
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long with respect to both the incubation stage
and the nestling stages (Simon et al. 2000),
but is most similar to that of their closest
relative, the Laysan Finch. However, Laysan
Finch nestlings fledge on average 3 days ear-
lier than Palila nestlings. Because the birds
are of similar adult mass, the faster growth
and earlier fledging date of the Laysan Finch
could be partly attributable to a diet more
variable than the Palila's (Morin 1991). Rates
of food delivery to nestlings are known for
several species of Hawaiian honeycreepers
(Eddinger 1970, van Riper 1978, 1980, Lock-
wood 1994, Kepler et al. 1997, VanderWerf
1998, Simon et al. 2000). Of these species,
Palila have the lowest rate of delivery for both
early and late nestling phases. Feeding rates
and quality of food delivered to chicks may
playa major role in determining the length of
the nestling phase, but this can be tested only
when more data are available for other Ha-
waiian honeycreepers.
Nest Attendance and Recesses
Female Palila are more attentive to their eggs
than to their chicks, presumably because
embryos are more sensitive to changes in
temperature than are chicks and because the
male is able to provision the female more
frequently before eggs hatch. Percentage of
time attending the nest decreased during the
nestling period because recess length in-
creased over time. We did not detect a dif-
ference in the average length of individual
attendance bouts through the nesting cycle.
Pletschet and Kelly (1990) also found the
length of attendance sessions to be the same
for early and late stage nests, and that de-
creased attendance was due to longer recesses
for late stage nests, not to shorter attendance
bouts. Females probably do not leave young
nestlings unattended for extended periods
because they are unable to thermoregulate.
By the time Palila nestlings are 15 days
old, they are well feathered and are capable
of independent thermoregulation (van Riper
1978).
Palila eggs and nestlings must be protected
from low temperatures at night and high lev-
els of solar radiation during the day. Physio-
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logical changes in eggs allow for adaptation
to cold temperatures, whereas adjustment to
heat stress is dependent on the behavior of
attending adults (Zerba and Morton 1983).
Because Palila are relatively heat intolerant
(Weathers and van Riper 1982) and evolved
in the absence of mammalian and reptilian
predators, their nesting behavior is more
likely to be influenced by temperature and
thermoregulatory limits of adults and nest-
lings than by effects of predation. If heat
stress affected parental behavior in Palila,
we would expect to see diurnal patterns in
nest attendance. No behaviors associated with
heat stress were observed for females at any
of the nests.
Study Implications
Depredation rates may be underestimated at
nests without video surveillance. The cause of
failure of the cat-depredated nest in this study
was initially attributed to desertion related to
a storm. The cat was at the nest less than 2
min and did not disturb the nest placement,
nor was there other evidence such as blood or
body parts that could have indicated to in-
vestigators the true fate of the nest. Subse-
quent video surveillance efforts at Palila nests
have recorded additional depredation events
by cats (Pacific Island Ecosystems Research
Center, unpub!. data).
Video cameras are useful in quantifying
activity at nests, and although the information
is similar to that obtained from observers
in blinds it can be more clearly interpreted
and viewed repeatedly. Video recordings al-
low acquisition of less ambiguous data that
are more detailed than those recorded from
blind observations. If audio recording is in-
corporated into the surveillance, vocalizations
and activity in the vicinity of the nest can be
analyzed (e.g., a male called before female left
the nest).
Our study provides a greater understand-
ing of the variability of nesting behavior in
Palila at different stages of the nesting cycle.
This knowledge will aid researchers and
managers in the recovery of this endangered
species by providing a basis for comparison of
typical nesting behavior in this species.
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